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© Recombinant DNA, microorganism carrying said recombinant DNA, and process for producing 
L-amino acids by the use of said microorganism. 



© The invention relates to a plasmid of phage capable of autonomic multiplication having the gene for 
^.acetohydroxy acid synthase Incorporated therein, to a microorganism carrying a plasmid or phage as defined 
^ above, a recombinant ONA comprising the gene coding for acetohydroxy add synthase and a process for 

producing L-valine, L-leucine or L-lsoleucine, which comprises growing a microorganism as defined above and 
^recovering the objective amino acid from the culture liquor. 
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Recombinant DMA, Microorganism Carrying Said Recombinant DNA, and Process for Producing L- 
Amln Acids by the Use of Said Mlcrorganism 

This invention relates to recombinant DNA having the gene for acetohydroxy acid synthase incorporated 
therein, and to a process for producing L-vailne, L-leucine or L-isofeucine by the use of a microorganism 
capable of producing one of these amino acids that carries said recombinant DNA. 

5 

[ Prior Art ] 

For the manufacture of L-vaiine, L-leucine and L-isoleucine by the fermentation process, has been 
adopted the method in which a wild strain is imparted with the ability of producing one of these amino acids 
to by artificial mutation, because wild strains scarcely produce these amino acids outside the microbial cells. 

As the artificial mutants capable of producing L-valine, L-leucine or L-isoleucine, are known those 
belonging to the genus Brevibacterium, Corynebacterium or Serratia and resistant to antagonist against 
these amino acids. To be more specific* the method consists in the use of mutants in which acetohydroxy 
acid synthase (the key enzyme participating in the production of L-valine, L-leucine or L-isoieuctae ) is less 
75 subject to feedback inhibition by its end product ( L-valine, L-leucine and/or L-isoleucine ) or antagonist 
thereof. 

Such mutants as mentioned above have the problem that only one gene that codes for acetohydroxy 
acid synthase is involved in each genome, and hence its enzymatic activity is limited even when released 
from the feedback inhibition. In addition, it is not an easy task to release each strain from the feedback 
20 inhibition. 



[ Problems to be Solved by the Invention 1 

25 The object of this invention is to provide a method of artificially controlling or nullifying the metabolic 
regulation in the L-valine, L-leucine or L-isoleucine biosynthesis system, thereby eliminating the defect of 
limited number of genes associated with the conventional method, and facilitating the release from feedback 
inhibition. To put it concretely, the method proposed In this invention is intended to release acetohydroxy 
acid synthase ( the key enzyme common to the biosynthesis of L-valine, L-leucine and L-isoleucine ) from 

30 feedback inhibition by these amino acids and to increase the number of genes for this enzyme in each 
genome. 



[ Means to Solve the Problems ] 

36 

Intensive studies on the above-mentioned problems have led us to find that the L-valine, L-leucine or L* 
isoleucine productivity can be enhanced by isolating from a microorganism, preferably of Brevibacterium, a 
DNA fragment that codes for acetohydroxy acid synthase, incorporating this fragment into a plasmid 
capable of autonomic multiplication, and introducing this recombinant plasmid into a coryneform glutamate- 

40 producing bacterium ( e.g., Brevibacterium factofermentum ). 

The DNA fragment carrying the gene for acetohydroxy acid synthase can be obtained from the 
chromosomal DNA of a microorganism of Brevibacterium. Such microorganisms form which a DNA carrying 
genetic information ( e.g., DNA fragment carrying the gene for acetohydroxy acid synthase ) can be 
obtained are hereinafter referred to as DNA donors. 

45 As the DNA donor, microorganisms can be used which show a relatively high activity in the production 
of L-vafine, L-leucine or L-isoleucine. Such microorganisms are known to a person skilled in the art 
Preferably, there may be used those mutants which have been imparted with resistance to antagonists of L- 
valine, L-leucine or L-isoleucine and hence show higher biosynthetic activity for these amino acids or 
precursors thereof. Preferred examples of such DNA donors are microorganisms of the genus Brevibac- 

so terium, more preferably of the species Brevibacterium lactofermentum which have high bioxynthetic activity 
for L-valine, L-leucine or L-isoleucine or precursors thereof. A specific example is a L-valihe producing 
strain of Brevibacterium lactofermentum. Mutants having high acetohydroxy acid synthase activity which 
showed no feedback Inhibition by the end product (L-Vai, L-Leu and L-lle) can particularly be obtained by 
using the method described in Proceedings of the First International Congress of IAMS, 363-372p, 1975, 
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isolating the chromosomal DM .from al mic ,oorganlsm, for example a microorganism of 
example, be performed by curturing a suitable DMA ™ "™» fo L . vaKn9i leucine or L- 

the £*. Brevibacterium ^^Ibod« the DNA donor 

isoleucine or precursors thereof in a suitable lactofermentum. is inoculated in a 

microorganism, for exampte a L ^^ d "*^^^^ polypeptone. glucose 

suitable culture medium contaming "T ™ " ' sl | aht i y elevated temperatures, 

and sodium chloride, over an 71i?pir P ropagation !!e obtained microbial cells 

wr.ws ssr^sssii 9 ^ , - ,«« by 

^ST™- DNA frereafter is ^^^rr^ £K 
ateo known perse by ^Kab.e restrictior ^ 1 ^^ t ^S^^^ ^ obtained from a 

5»»2r«t5K aSSSfiS- — bacterid cel, 
for example cells of the genus Brevibacterium. wmdudna the resulting recombinant plasmld 

The subsequent step of the overall P N ^JST^SSS?Si ^nthai. and picking out a 
* micrnoraanism of Brevibacterium defective in acetonyaroxy «u«u , 

^^S^>*^^|;-t^^ , ^ a oo« to mm* 

A mulanMype g» may be obto*ed * *►* aiete' ac«*ydra,» add s^lhase 

» e»r be obeMd * . hW« <^Sl%TSS^lm ho9 JL. and mutating the 

In. iHiWHn* 0"» ^"^^ITJllS a ONA donor .tram or a Irarsfonnant 

«, MM. Ueudne or Usoleuoln. « be sort* otf "^J^ iransfornrart. .ten A. reoornMnarn 
Z^X^Z^^^*^ DNA thus formed is introduced Into 

""■"Str to confirm that the DNA donor ^S^-^^^" 
« oontalns a mutant^, gen. that '^"^^^"^2 solution from that a**."* 
wanna, L-leudna or wsoleu*.. « la rtm»j) r » prepare an « ( fc „, 

feedback inhibition by these amino acids. „ mKi n a nt rna mav be effected by treatment with a 

Mutation of the DNA donor, transformant ^^J^S, « by trradiation with X-rays. UV- " 
mutagen, such as N-methyl-N oth i than that for acetohydroxy 
rays or ^-rays. These methods are *™?£^™^Z^Z host cells are coryneform glutamate- 
65 ^ng^ctl^ Sr^rylacteHum.- or o»er microorganisms sue* as 
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or a mutant-type operator. It is also possible to use any powerful promoters which are known to efficiently 
express other types of genes* The promotor operator DNA may be the one derived from other types of 
living bodies or the one chemically synthesized. Furthermore, the mutanMype acetohydroxy acid synthase 
formed in plasmid may be introduced again into the chromosome of host celts, and the same applies to th 
s gene derived from other types of living bodies or chemically synthesized. 



[ Eamples ) 

w The following examples will further illustrate the Invention. 



Example 1 

is 

(1) Preparation of chromosomal DNA 

L-valine-producing strain of Brevibacterium tactofermentum was inoculated to 50 ml of CM2G medium ( 
containing 10 g polypeptone, 10 g Y.E, 5 g glucose and 5 g NaCI ), shake culture was continued overnight 
20 at 31 °C, and the grown celts were collected at the stage of multiple propagation: One gram of the microbial 
cells thus obtained were lysed with lysozyme'SDS, and the chromosomal DNA was extracted and purified 
by the phenol method, giving 5 mg of final product 



25 (2) Preparation vector DNA 

pAJ220 ( 5445 bp ) was used as vector, and its DNA was prepared by the usual method. 



so (3) Insertion of chromosomal DNA into vector 

The chromosomal DNA obtained in (1) above ( 30 ug ) was partially cleaved at Sau3A I site, and 
fragments of 2 to 6 kb were further cut out Separately, 1 ug of the vector DNA was completely cleaved 
with restriction endonuclease BamH I. The two* types of fragments thus obtained were linked together by 
35 using Takara ligation kit 



(4) Cloning of acetohydroxy acid synthase gene 

40 Brevibacterium lactofermentum AJ12403 (FERM P-10140, FERM BP-2507) defective in acetohydroxy 
acid synthase activity (a strain requiring both L-isoieucine and L-valine) was used as the receptor strain. 

Transformation was carried out according to the protoplast method described in Japanese published 
unexamined patent no. 149082/1986, and four strains imparted with resistance to trimethoprim and rendered 
isoleucine- and valine- independent were obtained from the transformants. 



(5) Analysis of piasmidsjkijhe^ransformants 

Each of the four strains obtained above was lysed with lysozyme'SDS and DNA was recovered from 
so the resulting solution. 

Analysis of plasmid DNA by electrophoresis on agarose revealed that each is a plasmid larger than 
pAJ220 and having a DNA fragment of about 3 kb incorporated therein. One of these plasmids was named 
pAJ220V3. 

66 

(6) Retransformation 

Brevibacterium lactofermentum AJ12403 was again transformed by plasmid pAJ220V3. Ail -of the 



4 



EP 0 356 739 A1 



transfbrmants picked out on the basis of trimethoprim resistance were found to be independent on L- 
isoleucine and Uvaiine, indicating that the above-mentioned DNA fragm nt of about 3 kb carries the gen 
for acetohydroxy acid synthase. 



(7) Acetohydroxy acid synthase activity of transformants 

A strain being tested was cultivated in production medium (A) for about 18 hours, the grown ceils were 
ultrasonicated, and the resulting solution was centrifuged at 15,000 r.p.m. for 20 minutes. 
io The supernatant thus obtained was used as a crude enzyme solution, which was added to a solution 
containing 65m M phosphate buffer and lOOmM sodium pyruvate to effect enzymic reaction. Acetolactic 
acid thus formed was converted to acetoin, and the color developed by addition of 2-naphthoi was 
measured at 530 nm. The result obtained is shown in Table 1. 

It was demonstrated that cloned gene for acetohydroxy acid synthase has been incorporated in 
is pAJ220V3. 

Table 1 



20 



Strain 


Amino acid added (5mM) 


None 


L-lle 


L-Leu 


L-Vai 


AJ12403 FERM BP-2507 


N.D. 








AJ124O3/pAJ220V3 


100 


101 


119 


108 


ATCC13869 


100 


60 


67 


60 



N.D.: Not deteced. The above figures represent relative 
activity values (%) when the activity in the absence of amino 
acid is taken as 100. 
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35 



(8) Restriction enzyme cleavage map for plasmid pAJ220V3 

The inserted DNA fragment of about 3 kb involves at least two sites for EcoRv and Pst I each, and one 
site for Bel 1, EcoR I and Bal I each. A simple restriction enzyme cleavage map illustrating these sites is 
shown in Figure 1. 



40 



Example 2 



50 



(1) L-valine productivity of transformant derived from wild-type strain 

AJ12404 (FERM P-10141, FERM BP-2508) and AJ12405 (FERM P-10142, FERM BP-2516), obtained 
by transforming ATCC13869 { a wiid-type strain of Brevibacterium lactofermentum ) and AJ1510 ( a wild- 
type strain of Brevibacterium flavum ) respectively with pAJ200V3, showed outstanding L-valine productivity 
as can be seen from Table 2. 
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Table 2,_ 



Strain * " L-valine (g/1)* 

ATCC13869/pAJ220V3 (AJ12404 ECTM BP-2508) 7 
AJ1510/pAJ220V3 (ATI 2405 FERM BP-2516) ■ 11. , 
ATCC13869 0 
AJ1510 0 



* Production medium (A): Glucose ( 100 g ), ammonium 
sulfate ( 45 g ), roonopotassium phosphate ( 1 g ), magne- 
sium sulfate ( 1 g ), FeS0 4 *7H 2 0 ( 0.01 g ), MnS0 4 -7K 2 0 

( o.Ol g ), Mamenou {extracted of soybean hydroiysed 
with HCl) ( 0.15 g; total nitrogen), biotin (100 jig ) 
and vitamin Bl hydrochloride (300 ug ) were 
dissolved in distilled, water, .the pH was 'adjusted to 7.2 
■ by addition of KOH f water was further added to make up a 
total volume of one liter, and the resulting mixture was 
dispensed in 50-ml Sakaguchi flasks ( 20 nil in each ) and 
subjected to autoclave sterilization ( 115°C x 10 
minutes ) r followed by addition of dry-sterilized calcium 
carbonate ( 1 g each )• 



45 Example 3 



(1) L-isoIeucine productivity in the presence of threonine deaminase 

50 Into a wilfrtype-stegjn^fj frevfo AJ1510 , were introduced pAJ220V3 and pDR1A4 ( a 

plasmid carrying threonine deaminase gene (TtNTtfTtf^cfc^hia^^^ against L-isoleucine ), m 

giving a strain AJ12406 (FERM P-10143, PERM BP-2509) containing these two-tv^-^I^Jni^ 



As can be seen from Table 3, AJ12406 showed increased relative activity for both threonine 
( TD ) and acetohydroxy acid synthase ( AHAS ) compared with the wild-type strain- It also showed higher 
55 Usoieucine productivity, as shown in Table 4, compared with the transformartts carrying only one of the 
above pfasmids. 
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Table 3 



T^^o^BMWa t AJ12406. PERM 



AJ1510/P DR1A4(AJ123S8) 
AJ1510 



AHAS 
(nmol/mtn/mg)^ 

3.65 

5.11 



35.2 




M1S10/PM220VS ( '^4^16) 
AJ1510/PDR1M ( Ml 2358 ) 



4.6 
2.4 
2.5 

0 



RJ1S '*°- " ~ TTTToO g ), ammonium 

% K<«<-in ( 50 US ) «» d vitamin B* 
acl ( O.S g; total nitrogen) , biotin { so ug 

.I , 3 1 were dissolved in distilled water, the 
hydrochloride ( 3 mg 1 were u 

I „ » ,.3 W - — - " 

P H was auj resulting 
add ed to n.a.e up a total volume of one liter, 

aieoensed in 50-ml Sakaguchi flasks ( 20 «1 in 

carbonate U 3 each ). 

a i 19406 Brevibacterium lactofermentum AJ 
Brevibacterium flavum AJ 12405. Brev.badej«u« J^JJ^ on July 20 1988 - Ihj 
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under Budapest Treaty on July 12, 1989, and was accorded FERM BP-2516. 



Claims 

5 

I. A plasmid or phage capable of autonomic multiplication having the gene for acetohydroxy add 
synthase incorporated therein. 

Z A plasmid or phage as defined in claim 1 wherein said gene for acetohydroxy add synthase is 
derived from a microorganism belonging to the genus Brevibacterium, 
to 3. A plasmid or phage as defined in claim 1 wherein said gene for acetohydroxy acid synthase is a 
wild-type gene, 

4. A plasmid or phage as defined in claim 1 wherein said gene for acetohydroxy acid synthase is a 
mutated gene released from feedback inhibition. 

5. A plasmid or. phage as defined in claim 1 wherein said gene for acetohydroxy add synthase is under 
is the controi of its inherent promoter or a promoter for other type of gene. 

6. A plasmid or phage as defined in claim 1 wherein said gene for acetohydroxy acid synthase is under 
the controi of its inherent promoter or a promoter for other type of gene resistant to trimethoprim. 

7. A microorganism carrying a plasmid or phage as defined in any of claims 1 through 6. 

8. A microorganism as defined in claim 7, said microorganism being a coryneform. glutamate-produdng 
20 bacterium. 

9. A microorganism as defined in any of claims 7 or 8 which microorganism belongs to the genus 
Brevibacterium and preferably to a species selected from Brevibacterium flavum and Brevibacterium 
lactofermentum. 

10. A microorganism as defined in any of claims 7 to 9 which microorganism is capable of produdng 
25 valine, leucine or isoleudne. 

II. A microorganism as defined in any of claims 7 to 10 which microorganism is free from repression of 
valine, leudne or isoleucine biosynthesis. 

12. A microorganism as defined in any of daims 7 to 11, said microorganism being Brevibacterium 
lactofermentum, preferably Brevibacterium lactofecmentum FERM-P 10141 (FERM-BP 2508). 
30 13. A microorganism as defined in any of claims 7 to 11, said microorganism being Brevibacterium 
flavum,- preferably Brevibacterium flavum FERM-P 10142 (FERM-BP 2516) or Brevibacterium flavum FERM- 
P 10143 (FERM-BP 2509). 

14. A microorganism as defined in any of claims 8, 10 or 11, said microorganism being Corynebac- 
terium glutamicum. 

35 15, A microorganism with the gene for acetohydroxy acid synthase in the plasmid transferred to the 
chromosome. 

16. A microorganism as defined in claim 15, said microorganism being Brevibacterium lactofermentum, 
preferably Brevibacterium lactofermentum FERM-P 10141 (FERM-BP 2508). 

17. A microorganism as defined in claim 15, said microorganism being Brevibacterium flavum. 
40 preferably Brevibacterium flavum FERM-P 10142 (FERM-BP 2516) or Brevibacterium flavum FERM-P 

1Q143 (FERM-BP 2509). 

18. A microorganism as defined in claim 15, said microorganism being Corynebacterium glutamicum. 

19. A microorganism as defined in any of claims 7 to 18, wherein an additional plasmid or phage is 
contained which has the effect of increasing the productivity of valine, leucine or isoleudne. 

45 20. A microorganism as defined in claim 19, wherein the additional plasmid can coexist with the 
plasmid as defined in ciaim 1 . 

21. Recombinant DNA comprising the gene coding for acetohydroxy add synthase. 

22. Recombinant DNA as defined in ciaim 21, wherein the gene for acetohydroxy acid synthesis is 
obtainable from a microorganism belonging to the genus Brevibacterium having high biosynthetic activity 

so for valine, leucine or isoleudne or precursors thereof. 

23. A process for producing L-valine, L-leucine or L-isoieucine, which comprises growing a microorgan- 
ism defined in any of daims 7 through 20, and recovering the objective amino acid from the culture liquor. 
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